Deep seawater (DSW) generally refers to seawater at depths equal to or greater than 200 meters. DSW is rich in inorganic materials which have attracted attention for its various applications. In this study we investigated the effects of the DSW upwelled from the East Sea, offshore Yang Yang (KangWon-do, Korea), on the expression of μ-opioid receptor (MOR) of cultured rat hippocampal neurons. Neurons were grown in a minimal essential medium containing 10% (v/v) fetal bovine serum and either 25% (v/v) distilled water, or hardness (H) 800, or H 1000 DSW. Cultures grown in the presence of DSW with H 800 and H 1000 exhibited robust MOR immunoreactive signals in both neurons and astrocytes. Interestingly, the increase in MOR immunoreactive signals was more dramatic in astrocytes than in neurons. Statistical analysis revealed that the relative intensities for MOR clusters increased approximately 4-fold in astrocytes cultured in H 800 and H 1000 media. These increases were statistically very significant (p<0.001). In contrast, the increase in intensities for MOR immunoreactive signals was relatively less dramatic in neurons, where only the increase in the H 1000 culture was statistically very significant (p<0.001). These results indicated that DSW promotes expression of MOR in both neurons and astrocytes, and more significantly in the latter. We have been studying the effects of the DSW upwelled from the East Sea, off-shore YangYang (KangWon-do, Korea) on the cultured rat hippocampal neurons. Using this model system we recently tested the efficacy of DSW on morphological differentiation, and found that, although DSW had no effect on initial morphological differentiation (17 hr post-plating), low hardness (H) (0 and 200) DSW reduced dendritic branching resulting in bipolar-like morphologies in extreme cases [10] . H 600 DSW was more or less same as control groups, and H 1,000 DSW doubled the number of dendritic branches indicating that DSW with appropriate hardness ameliorates neuronal health.
Introduction
Deep seawater (DSW; deep ocean water) refers to water that is extracted from the ocean, usually at depths of 200 meters or more. Sunlight does not reach at such depths. Due to lack of photosynthesis, DSW is relatively free of microorganisms such as phytoplanktons. Wealth in various minerals including indispensable trace elements in DSW has demonstrated their usefulness in various applications [6] . Some experimental evidence supporting the efficacy of DSW are available by now. DSW controls the increase of serum lipid values [total cholesterol and low density lipoprotein (LDL) cholesterol] of cholesterol-fed rabbits, and promotes the reduction of serum lipid hyperlipemia rabbits [20] . DSW is useful for the prevention of hyperlipidemia and arteriosclerosis compared to the surface seawater by reduction of the LDL cholesterol level and enhancement of GPx activity [12] . DSW could improve cardiovascular hemodynamics [7] and indices for cancer chemoprevention [15] .
We have been studying the effects of the DSW upwelled from the East Sea, off-shore YangYang (KangWon-do, Korea) on the cultured rat hippocampal neurons. Using this model system we recently tested the efficacy of DSW on morphological differentiation, and found that, although DSW had no effect on initial morphological differentiation (17 hr post-plating), low hardness (H) (0 and 200) DSW reduced dendritic branching resulting in bipolar-like morphologies in extreme cases [10] . H 600 DSW was more or less same as control groups, and H 1,000 DSW doubled the number of dendritic branches indicating that DSW with appropriate hardness ameliorates neuronal health.
Our other previous study showed the effects of the DSW on the synaptic maturation of cultured rat hippocampal neurons [9] . The examination of DIV21 showed that coupling rates of synaptic vesicle 2 and N-methyl-D-aspartate (NMDA) receptor (NR) 2B were significantly increased in neurons grown in the presence of H 800 and H 1000 DSW.
That study suggests that DSW promotes the formation of excitatory postsynaptic signal transduction NMDA-associated complexes and functional synapses. NMDA and opioid receptor systems are considered central to nociception and antinociception. The relationship between these systems is not only functional but also spatial within multi-ple central nervous system regions (CNS) [11] . These receptor systems are found concentrated in presynaptic and postsynaptic sites of the dorsal horn (particularly lamina II), suggesting a close functional relationship [5] . Opioids can directly and indirectly modulate NR activity and affect the NR mediated calcium influx into neurons [2, 16, 19, 21] .
In this study we investigated the effects of the DSW on the mu opioid receptor (MOR) expression of cultured rat hippocampal neurons.
Materials and Methods

DSW
The DSW was pumped up from a depth of 1,100 m off YangYang (Kang Won-do, Korea) was desalinated and concentrated by reverse osmosis. The desalinated water was defined as hardness (H) zero (H 0). The mineral ingredient content of the H 4,000 DSW, which was manufactured by dilution of the DSW, is shown elsewhere [15] , and obtained from Waterbis Co., Ltd (Ansan, Korea).
Antibodies
The following antibodies were used. MOR 
Measurement of IR signal densities
To compare the relative strength of IR signals, images were converted to a gray scale mode (0～255 scale), inverted, and backgrounds were removed through the 2D rolling ball mode. A small circular area including one IR puncta was selected and the mean density of the selected area was measured using a Scion Image software. The circle was dragged to other punctae and the densities were measured. (Fig. 1B, insets) . However, as shown by the surface plots, the intensities for MOR clusters were not very strong in both neuron and astrocyte (Fig. 1C) . In contrast, cultures grown in the presence of DSW with H 800 (Fig. 2 ) and H 1,000 (Fig. 3) and H 1000 media (from 13.3±4.9 to 52.0±15.1 and 47.3±13.1, respectively; n=50～70). These increases were statistically very significant (p<0.001) (Fig. 4) . In contrast, the increase in intensities for MOR immunoreactive signals was relatively less dramatic in neurons; from 22.0±6.8 in control medium to 24.1±4.6 and 34.7±11.3 in H 800 and H 1000 media, respectively, where the increase in the H 1000 culture was statistically very significant (p<0.001) (Fig. 4) . Fig. 3 . Expression of Mu-opioid receptors (MOR) in the H 1000 media. Immunocytochemistry, layouts, and labels are same as in Fig. 2 . Note significant increases in the MOR signal intensities in both neuron and astrocytes, being more significant in astrocytes. 
Discussion
We carried out immunocytochemistry to investigate whether DSW affects the expression of MOR. These results indicate that DSW promotes expression of MOR in both neurons and astrocytes, more significantly in the latter.
Astrocytes express functional mu, delta, and kappa opioid receptors in a region-specific manner [3, 14, 18] . There is very where water exchange between the East Sea and other connected oceans are very limited. Therefore, it is believed that more than 90% of all East Sea water is DSW. In the previous report we showed that the rat hippocampal neurons grown in the presence of the East Sea DSW are healthier and more dendritic branches are formed than distilled water groups [10] . In this study we investigated whether the health in The acidic saline animal model of pain has been suggested to mimic chronic widespread pain such as fibromyalgia. In this model, repeated intramuscular injections of acidic saline produce a widespread hyperalgesia that persists without evidence of significant peripheral tissue damage or inflammation, and is believed to be centrally maintained [17] .
Kim et al. [8] examined the changes of pain-related neurotransmitters in specific brain regions of this model after DSW drinking. Preliminary results showed that compared to controls, acid injected rats demonstrated strong expression of serotonin in red and raphe nucleus. Acid injected rats showed significant reductions of the serotonin expression in red and raphe nucleus after DSW drinking. This study suggests DSW might be helpful for pain and anxiety [8] .
In this study we showed that DSW upwelled in the off-shore YangYang promotes expression of MOR in both neurons and astrocytes. Considering increased MOR expression in CNS of rats and significant reductions of the serotonin expression in red and raphe nucleus of acid injected rats [8] 
